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material based on epoxide-amine composites, which consist of a diepoxide or 
polyepoxide, a filler, a hardener amine, an oligoether diamine, and ink. Chip covering 
materials according to the invention are well-adhering materials on metal, glass, and 
ceramic surfaces, and are resistant to temperature and climate. 
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Pat nt Claims 

1. Chip covering material of a specific processing characteristic based on aromatic 
diglycidyl ether and special hardener amines as well as powdered translucent fused 
quartz of a selected particle-size distribution and a soot addition of 0.1 wt. % is hereby 
characterized in that the amine component consists of a mixture of amines 1 and 2 in a 
molar ratio of 64:36 to 75:25, whereby amines 1 and 2 have the following significance: 

CaHjCHiNH-R'-NHCHiCeHt ' HaN-fT-NH^ 

Amine 1 Amine 2 

With R' = CH z CH 2 CH 2 CH 2 OCHaCH,CHjCH„ CHaCH 2 OCH 2 CHjOCH 2 CH z 

CH 3 

CH 3 CH 3 

and the ratio of epoxide/NH functions amounts to 1:1, and a filler of 60-70 wt. % of a 
silanized powdered translucent fused quartz of a particle size smaller than 50 urn is 
produced, whereby 85-95 % of the particles lie between 2 and 50 pm, with an average 
particle size of 7-25 pm. 

2. Chip covering material according to Claim 1, further characterized in that the 
system consists of two components A and B, which are intimately mixed prior to 
processing at 20-60°C and stirring under reduced pressure, whereby component A 
contains the epoxy resin, the soot component, and 65-75 % of the filler, and component 
B contains the amine mixture comprised of amines 1 and 2 and 25-35 % of the filler. 



and r* » ch 2 ch 2 ch 2 



3. Chip covering material according to Claims 1 and 2, further characterized in 
that hardening is conducted thermally at 20-1 30°, but preferably stepwise at 40-80°C 
and 100-130°C. 

Field of application of the invention 

The invention concerns a chip covering material based on epoxide composites, 
which offers the special Theological processing properties and the climatic-mechanical 
and electrical-insulating properties required in branches of microelectronics. 

Characteristics of the known technical solutions 

Epoxy resin compounds have previously found a broad application as 
encapsulating agents for semiconductor devices, such as integrated circuits, 
transistors, diodes, and other electronic components. Usually such encapsulating 
means contain an epoxy resin, a hardener and accelerator, a coloring agent and a filler 
in a proportion that frequently amounts to more than 50 wt. %. Examples of 
encapsulating agents that contain amines or carboxylic acid anhydrides as hardeners 
are given in patents DE 3,137,898, DE 3,013,470 and US 4,042,550. The moisture 
sensitivity of the anhydride and the high hardening temperature (T > 160°C), as well as 
the physiological/toxicological problems are problematical in the case of 
epoxide/anhydride systems. Covering materials, which contain aliphatic and/or 
cycloaliphatic amines, have an increased water absorption (Jahn, Epoxy Resins, 



Publishers for the Base Materials Industry, Leipzig, 1969). In addition, the C0 2 
absorption of the amines (DD 141,677)* also occurs in these systems, and this causes, 
apart from fluctuations in equivalence, in particular, an undesired foaming of the 
composite upon thermal hardening. This leads in turn to pores and cracks in the 
covering material, whereby there is no longer sufficient protection from climatic 
influences. The water absorption of epoxide-amine hardener systems has been very 
much reduced by Xhe use of bulky aromatic amines (E. Morel, et al., Polymer 26 (1985) 
1719). However, since these amines possess a considerably smaller reaction capacity 
than aliphatic amines and have poorer electrical insulation properties, their use is 
limited. Further, a solution is aimed at by reaction of aromatic, diprimary diamines with 
diglycidyl silane bonding agents, and this solution permits the production of a 
composite material with small water absorption and inner flexibility (DD-WP 207,105, 
DD-WP 204,098). Of course, the above-named disadvantages, which are caused by 
aromatic amines, are not eliminated. It has also been proposed to increase the 
fluctuating temperature load of covering materials by addition of components that make 
the material flexible, such as known reactive liquid polymers 
(butadiene/styrene/acrylonitrile copolymers) with a simultaneous reduction in water 
absorption (BF Goodrich, USA; Polym.-plast. Technol. Eng. 7 (1976) 27). The process 
of the invention, however, is not based on these solutions known from the patent and 
scientific literature. 



' Number is somewhat illegible-possibly 141,877-Trans. note. 
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Objectiv oftheinventi n 

The objective of the invention consists of producing a chip covering material 
based on aromatic diglycidyl ethers (EPILOX), which is sufficient for the climatic- 
mechanical requirements of microelectronics and permits processing in existing 
technological procedures due to special Theological properties, and requires hardening 
temperatures that are lower (T < 1 30°C) than epoxide-anhydride systems. 

Representation of the essence of the invention 

The task of the invention is to develop a chip covering material of a specific 
processing characteristic based on aromatic diglycidyl ether and special hardener 
amines, as well as powdered translucent fused quartz of a selected particle-size 
distribution and a soot addition of 0.1 wt. %. According to the invention, the task is 
resolved in that the amine component consists of a mixture of amines 1 and 2 in the 
molar ratio 64:36 to 75:25, whereby amines 1 and 2 have the following meaning and 
the ratio of NH/epoxide groups amounts to 1:1: 



C.H,CHaNH-fl'-NHCH^«H, " HjN-fT-NH, 

Amine 1 Amine 2 



With R' - CH t CH l CH^H 3 OCH t CHiCHtCH l> CHtCHjOCHjCHjOCHjCH, 



CH 3 



and tr - cHjCh^nhchjCHjCH* - ^~^-CH 2 -^"^~, -j^Vj^CH 



CH 3 CH 3 



and 60-70 wt. % powdered translucent fused quartz of a particle size of less than 50 
Mm are utilized, whereby 85-95 % of the particles lie between 2 and 50 urn, with an 
average particle size of 7 to 25 urn. 

Appropriately, the chip covering material consists of two separately storable 
components A and B, which are intimately mixed directly prior to processing into the 
ready-to-use chip covering material. Epoxide component A contains the epoxy resin, 
65-75% of the filler, and 0.1 wt.% soot. The amine component B contains the amine 
mixture comprised of amines 1 and 2 and the rest of the filler (25 to 35%). 

The separately weighed components are homogeneously mixed in vacuum with 
stirring and heating at 40°C to 60°C. A ready-to-use composite material is obtained 
after mixing equimolar quantities of the epoxide and the amine components. The chip 
covering material is then capable of casting for approximately 5 hours, flows completely 
into the chip contours and bonding wires and forms a stationary drop on the chip even 
in the unreacted state. 

The thermal hardening required after coating the material onto the unprotected 
semiconductor chip is conducted at temperatures between 20 and 130°C, but 
preferably in several temperature steps at 40 to 80°C and 100 to 130 °C and requires 1 
to 20 hours. The climatic-mechanical testing of chips, which have been protected with 
the chip covering materials of the invention, shows positive results in climatic- 
mechanical loading according to TGL 34789 (Table 1). An essential role for the 
functional capacity of the chip material is played by the high content of amine 



component 1, since its internal flexibility assures a reduced C0 2 uptake and a relatively 
low hardening temperature. A composite material, which deviates from the composition 
according to the invention by reducing the fraction of amine 1 and, for example, 
contains amines 1 and 2 in the molar ratio 62:38, already displays clear defects and 
cannot be utilized as a chip covering material (comparative example 4, Table 1). The 
number of defects increases with a decreasing fraction of amine 1, so that a composite 
material with amines 1 and 2 in a molar ratio of 15:85 mol.%, as is provided for metal- 
metal adhesion in stomatologic practice (DD-WP 163,453), is unsuitable as a chip 
covering material. 

If a filler other than that according to the invention is used, the climatic- 
mechanical tests can still be partially passed, but the rheological properties, which are 
necessary for processing in existing technological operating regimens can no longer be 
obtained. Either the composite material drips well from the metering device, but passes 
undesirably broadly onto the chip, or the material becomes intensely thixotropic, 
preventing a uniform coating from the metering device. It does not flow sufficiently and 
thus does not seal the semiconductor chip to be protected, including its bonding wires, 
in an error-free manner (free of bubbles). 

Example 1 

The production of the epoxide component (A) is conducted by homogeneously 
mixing in vacuum 9.000 g (26.44 mmoles) of bisphenol-A diglycidyl ether, 20.00 g of an 



epoxy silane-coated powdered translucent fused quartz (particle size of 2-50 urn, 
average particle size of 10 um) and 0.03 g of soot with slight heating and stirring. 

The amine component (B) is produced from 1.126 g (6.61 mmoles) of 3- 
aminomethyl-3,5,5-trimethylcyclohexylamine, 4.344 g (13.23 mmoles) of N.N'-dibenzyl- 
3,6-dioxaoctanediamine-1,8, and 10.7 g of an epoxy silane-coated powdered 
translucent fused quartz (particle size of 2 to 50 um) and stirred homogeneously in 
vacuum. 

Components A and B are mixed homogeneously in vacuum in a weight ratio of 
1.000:0.558 directly prior to use of the composite material. Then, this is coated onto 
the unprotected semiconductor chip, including the bonding wires. Thermal hardening 
is conducted for 2 hours at 60°C and for 16 hours at 120°C. The molar ratio of amines 
1 and 2 amounts to 67:33. 



Example 2 

Analogously to Example 1, a chip covering material is prepared from : 

A) epoxide component: 3.000 g (8.81 mmoles) of bisphenol-A diglycidyl ether, 
6.000 g of an epoxy silane-coated powdered translucent fused quartz (particle size of 
2-50 um), 0.01 g of soot, and 

B) amine component: 0.463 g (2.20 mmoles) of 4,4'- 
diaminodicyclohexylmethane, 1.450 g (4.41 mmoles) of N,N*-dibenzyl-3,6- 



dioxaoctanediamine-1,8 and 4.440 g of an epoxy silane-coated powdered translucent 
fused quartz (particle size of 2 to 50 um). 

The ready-to-use chip covering material is obtained by mixing the epoxide and 
amine components in the weight ratio of 1.000:0.705. The molar ratio of amine 1 to 
hardener amine 2 amounts to 67:33. After coating of an approximately 1-cm wide 
stationary drop of the reacted composite material from a metering device, hardening is 
produced in two steps: 2 hours at 60°C and 16 hours at 120°C. 

Example 3 

A chip covering material is produced analogously to Example 1 from: 

A) epoxide component: 12.000 g (35.25 mmoles) of bisphenol-A diglycidyl 
ether, 26.000 g of an epoxy silane-coated powdered translucent fused quartz (particle 
size of 2-50 urn) and 0.09 g of soot, and 

B) amine component: 0.920 g (7.01 mmoles) of N.N-dipropylenetriamine, 6.000 g 
(17.62 mmoles) of N,N*-dibenzyl-5-oxanonanediamine-1,9 and 12.700 g of an epoxy 
silane-coated powdered translucent fused quartz (particle size of 2-50 um). 

The covering material that can be thermally hardened at 80°C/2 hours and 
120°C/16 hours is produced by mixing the epoxide and amine components in the 
weight ratio of 1.000:0.515. The molar ratio of oligoether diamine to hardener amine 
amounts to 72:28. 



C mparative Example 4 

A composite material is produced from: 

A) epoxide component: 9.000 g (26.44 mmoles) of bisphenol-A diglycidyl ether, 
3 g of a dispersed silicic acid, and 0.02 g of soot, and 

B) amine component: 1.358 g (6.47 mmoles) of 3-aminomethyl-3,5,5- 
trimethylcyclohexylamine, 3.473 g (10.58 mmoles) of N,N'-dibenzyl-3,6- 
dioxaoctanediamine-1,8, and 3.916 g of a dispersed silicic acid. The molar ratio of 
oligoether diamine to hardener amine amounts to 62:38. Hardening is produced as in 
Example 1. The climatic-mechanical test shows unacceptably high defects. 

Table 1: Results of the climatic-mechanical test of encapsulating agents produced 
according to Examples 1 and 3, as well as Comparative Example 4; + no defects or a 
small number of defects. - defects, material unsuitable 
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PatentanspnJche: 

1. Chfpabdeckmaterial einer bestirnmten VerarbeitungscharaJcterlstik auf Basis ar matlscher 
DIglycidylether und spedeiler HIrteramine sowie Klaselgutmehl einer ausgewShlten 
KorngroGenverteilung und einem RuBzusatz von 0,1 Ma.-%, dadurch gekennzeichnet dafl die 
Aminkomponente aus einer Mischung der Amine 1 und 2 Im Molverhiltnis 64:36 bis 75:25 besteht, 
wobei die Amine 1 und 2 die folgende Bedeutung haben: 

CeHsCHjNH-R'-NHCHjCeH^ H 2 N-R"-NH Z 

Aminl Amin2 

rnftfV = CHzCHaCHaCHiOCHaCHaCHiCH^CH^HjOCHzCHzOCHiCHj 

CH 3 

und FT - CHzCHzCHjNHCHzCHzCHj, ~ CK 1~^[^ -f^Y 0 *!* 

CH 3 CH 3 

und das VerhSitnis von Epoxid/NH-Funktion 1:1 betrigt, und eineFullung mit 60 bis70Ma.-%e!nes 
silanlsierten Kleselgutmehts einer KorngrdSe kleiner 50 (im erfolgt, wobei 85-95% zwischen 2 und 
SOym liegen, mit einer durchschnittllchen KorngrdSe von 7 bis 25ym. 

2. Chipabdeckmateriaf nach Anspruch 1, dadurch gekennzeichnet, daS das System aus zwei 
Komponenten A und 8 besteht, die vor der Verarbeitung bei 20 bis 60°C und Ruhren unter 
vermindertem Oruck innig vermischt werden, wobei die Komponente A das Epoxldharz, den 
RuSanteil und 65 bis 75% des FQIIstoffes enthait und die Komponente B das Amingemfsch aus 
Am In 1 und 2 und 25 bis 35% des FQIIstoffes enthait 

3. Chipabdeckmaterlat nach Anspruch 1 und 2, dadurch gekennzeichnet, dafS die Hartung thermisch 
bei 20 bis 130% erfolgt, vorzugsweise jedoch stufenweise bei 40 bis 80°C und 100 bis 130°C 

Anwendungsgeblet der Erflndung 

Ola Erflndung betrifft ein ChipabdecJcrnatariai auf Basts von Epoxfd-Kornpositen,das dsn spezlellan meofogfachen 
VerarbeUungselgenschaften und den klimatlsch-mechanlschen undQeJOTfeoHer^gensehafcsanfordenjngen dar 
Mikroelektronikbranche entspricht. 

Charakteriatfk der bekanrtten technisehen losungen 

epoxldharzmassen fanden bfsher alna breite Anwendung ate QnkapaelungsmrttoJ «r HalbleitoreJnrichtungen. wle integrferw 
Schaitkrelse, Transistoren, Oioden und andara elektronische Bmiteile. Gewdhnlldi emhaltan daranfga Snkapsiriungsmltrel aln 
EpoxJdhart, einan Harter und Besdileunlger. aln Farbemrttel und einen FOIIstoff In elnem Antell, der hauflg Ober 50Geww-% 
becragt Befapieie fOr EinkapseJungamittei die Amine odor Cerbonsaureanhydrfde als Harter enthalten, aind In dan 
Patentsctiriften DE 3737398. QE 3013470, US 4042 960 gegeben. ProbJematlech 1st bei EpoxW/Anhydrid-Systemen die 
ftucMgxoltsampfadltchkeit das Anhydrlds und die hohen AuaMrtetemperaturen <T a !W aowia Hire phyafologtoch/ 
toxflcologischa Bafastung. Abdeckmateriallen. die aflphatfsche oder/undcydoelipriatteche Amino enthaiten, wetaen eino erhfihte 
Wasseraufnahme auf Warm, Epoxfdharze. Veriag fOrGrundstofflndustrta. Leipzig 1969). Hmxufcommtbal dlesen Syatemortnocti 
die COrAufhahma der Amino (DD 141 877), die abgesehon von Aquivalamabwaichungan vor aifom ein unerwOnscntas 
Aufcchaumen des Kompcsits bei dar trmrmlschen Hartung varuraacht Oas fOru^edarum luPoron un d x ^j3 nahm<|Van 
AbdecKmeteHal,womitemaus^^ 
Epoxld^ln-Hfirtei^emenwurdedurc^ 

Oa dicaa Ammo jedocft eino erhebtfch gertngero Reakttanstthlgicelt ale aliphatlsche Amine besteon und schlechtero 

dtprimaron Oiaminen mit GW«dyisflar*Haf*e™^ 
KcmposltmawrialsmitgerlngerWa^^ 

Allerdlngs werden dleobon gananntan Nachteile. die durch ammatlacho Amine ve^ 
Z!el dor Erflndung 

Das Sal dar erflndung besteht In der H 9 r*allung alnes CWpabdeckmatarfals auf Baali *™ *™^<*«" ^ 9t 1^SSi 
{EnLOXUa^aSatlaeh-machanbcftan Anfordarungen dar M&roetattronfk g*» I? ^Sen 
^a^attan Verartoaitung )m vorhaml^n technologlschw flaglma arlavbt und nledrigara Aushanewmptraturen . 
(Ti 130*C) erfordartals Epajda-Anhydri^Sysame. 
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Dariegung das Wesens der Siflndung 

P, I* AufaabB dor 6rfin<lung eln Chlpebdeekmeterlel elner bestimmten Varartdiungschsrakterfstik suf Basle aromaUschsr 

und daaVerhaUnlsNH/jEpoxid-Gmppen 1:1 betrigt: 

C*HiCH,NH-R'-NHCHtC^» H,N-R--NH, 

Aminl Amln2 

mitft' - CHjCHjCHjCMjOCHtCHrCHjCHt, CH^tOCHjCHtOOUCH, 

CH 3 

und JT - CHjCHjCHiNHCHiCHtCHt, - ^^" CH 2"^^"' -^^° K 2~ 



CH 3 GH 3 



und 60 bls70Ma..%Weselgutmehl elner KorngrtBeWelnerSOpmelngesemwerdan.wobei 86-95%iwlschen2undS0$«i 
Begen,mitelnerdurclwhnidlchenKomgrdaevon7bls25um. „™-ji»rfh«rviirdar 
ZweckmlBig besteht daa Chipebdeckmaterlal aue zwei getrennt lagerHMgen Itomponenten Ai und ^. <«^nml^arvor der 
*«S«%™g.brauchs^ 

gpwldhaa. 85 bla 75% de* FOItetoffea und 0,1 Ma.-% flutt. Die Amlnkompcnente 8 enthllt daa Ammgemlsch aus Amin 

unddenrestIlchenWJItstQff(25bls3S%). . e „„»,_„_ ,uf 4o«chIsS0*Chom gen 

DIegetrenntaingewogenen Komponentenwerdenjewenalm VekuumunterBOhrenund t™*™"™*™™*™^^ 9 
virmtscht Bn gebrZhatordgaa Kompoehtnettrial wlrd naeh ^^^.^^^J^^^^SLt 
Amlnkomponente erhalten. Oaa Chlpabdeekmewriel 1st dann etwa 3 Stunden gfeflfahlg, umfl.eBt voiistanaig wwp«jn«»r«. 
Bonddrihte und bildat auf dem Chip euch 1m unraagrerten Zustand einen standfeaten Tropfen. mriTamoeraturen 
DtanechAuftragdeaMatenaisaufdenunges^^^ 

avlechen 20 Wa 130«C. vorwgsweise jedoch Inmehreren Temperaturstufen bei40 bla 80^ und^Obia 130 c una enorowi 

M Stunden. Die kllmetf sch-mechanlsehe Pruning von Chips, die mil ^^^^ ^^^^^^^l c^^^^^^^fi^^^T^ 

wurden.ieigtbeikllmansch-mechanbcherBe^^ 

KmWonsfahigkeitdesChipmate^^ 

Rexiblllsierung. eine vermlnderte COrAufnahme und elna relativ ^^ A ^^^^^^SXb^t und 
Kompositmaterial,desvondererflndungsgem8BenZus^^ 

wmBelspiel Amin 1 und2im MoWerhaltnia 62:38 enthaltwelstbereitsdeuntoeAus^^^ 

"cbteingeaemwerdentVergtetchebeUpfeK 

"aBelnlLnposltnwtariaJml^^ 

atomatologlschen Praxis vorgeaahen let (OO-WP 163453) ale Chlpa tattedn«artl< Te$tunfle n win Tail 
Wird anderer els dar erflndungsgemeBe Wllewff verwendat, konnen war die ^^'^"S?,, ^^Swhen 
nocbbestandenvwden.aberdlerheolog^^ 

Regime notwendlg sind. kflnnen nichtmenrenelchtwerden. Sntwedertropftdas K™^™**™ 

Do!lervorrichtungabjauftab«^^ 

gieichmeBlgen Auftrag ausderOoalerwnichw^ 

zu schutzenden Halbleitarchlp einschileQlleh seiner Bonddrihte. 



N^'-OibentyK3.8-dIoxaoctandiainin.U und 10,7g eines apoxysllenbeschichteien Weaelgutmehls (Korngrows * b 
bon^enimVakuumvennlscm^ 

Bonddrihta. Die thermlache Aushirtung erfclgt 2 Stunden bei 60«C und 16 Stunden bei 120 c oaa nnoivo 
und2betr3gt87:33. 

Befaplel2 

1,000:0.70S«h.lt-n. DasMolvam-.tnUvon Amin 1 und zu Harteramfn *«^^^^£SKtaasS*a: 
breiten standi aswn Tt opten dea raakdven Komposicmatariels aue elnar Ocalervorrlehtung arfolgt die tianung 
2 Slunden bei 60*C und 16 Stunden bei 120*C 
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8rispfeJ3 . ' 

Analog ScfepitJ 1 wfrd tin Ch*pabdacfciTiat»ria1 httpiTtifltwa 

A) epexidkomponanta; 12£00g (3U5mmaq BbpfMnol-A^alyddytethef, 2M0Og afnes epoxyjtfanbaachichteten 

Ktaalgutmehls (Komgrtflo 2 bfa SOpntf ond < VWf Rufl und 

61 Amtafcomponent*: O^gaoimmoljftl^pixw*^^ 

und 12,700g tfnes apoxyaJtanbaschfehtaten KZmfeutmtfU* OComajftSo 2 Ms SO umK 

Ots thanniich bcf 80T/2 Stundtn vnd 120*016 Stundtn aushlnbara AodactonattrtaJ wild Audi Vermbchan von EpoxicV und 
Amlnkomponomt tm Maatevtrfettnia 1,000.-0318 htrgastsflt Oss MctorhlfcrrfsOflgoathafdlamlnai Ha/teramln bttrigt 72:28. 

Vtrgtofchstitfoplsl 4 

6s wfrdatn Komposltmateriil htrgastaUtaus 

A| Epcxtdkomponenta: 9,000a (26^4mnwf) MaphanofAKflalycfdylather, 3g tlntr d&peretn KZoaeMuro und 0,020 Rod and 
8) Antinkornponent*: 1.388? (€U47mmon3-Antffto-msthy^^ 

3^dloxaoct3mflamln-t3 und3.918g afotr dJsparssn Kteetoaurt, Das Molvertiiftnb von Ollgoethantfamln zurHdrteramln 
bttrigt 82:38. Ola (timing orfolgt wft bsf SalapJtJ 1. Ote wrmathdwnedtanlsdM PrOfting zdgtunakzepcabal bona Austin* 

TabtOt 1: grgebnissa der krtmatfsch-macnanbchan Ttttung von nach SatspW 1 und 3 hargasttfltan EnJcapsalungamitteln, 
sow! * Vtrglafcfwmuatar 4; + fcaina cdtr gtrfngt Anzahf an Auaf iflan. - Ausflfla. MaterfaJ ungeeignet 
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2. Fauchteiagerung 
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3. Tafliparaurwechsei 
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